As demonstrated in the SPM data, the highest ionic conducting paths along the [001] direction were observed at the cores of SDC pillars rather than the SDC/STO interfaces in our nanoscaffold films. The only 0.6% tensile strain is not a large enough interfacial strain to induce the observed enhancement of ionic conductivity in the nanoscaffold SDC-STO films.
For example, in the STO/YSZ/STO trilayers systems, the YSZ layers were tensile-strained by a large value of 7% to match the STO lattice 1 . Such enormous interfacial strain completely changes the O sublattice, leading to increased conductivity [1] [2] [3] . In our nanoscaffold film, considering the fact that the positions of the cations (e.g., Ce) near the interface vary gradually along the vertical direction, the O sublattice in our film would be also disordered slightly. However, this is a very different case to the STO/YSZ/STO trilayers, where there is a highly disordered O sublattice due to huge interfacial strain. In conclusion, the SDC/STO interface effect (i.e., the interfacial strain and the resultant O sublattice disorder) is not 13 significant, and thus, could not be the primary origin of ionic conductivity enhancement in our system. Supplementary Fig. 4 shows the f-dependence of σ ac ′.
Supplementary
The value of σ ac ′ is reduced with a decrease in f at high frequency and shows the plateau to be at intermediate frequency. However, it does not show a conductivity drop at low frequency as the nanocomposite films do (e.g., Please see the σ ac ′ values at 450 K of Supplementary Fig. 4 and those at 443 K of Fig. 2a in the main text) . Hence, it can be deduced that the electronic conduction occurs at low frequency in this Pt/Nb:SrTiO 3 device, and thus the Pt electrode does not block the charge carriers (i.e., holes or electrons). In conclusion, the electrode polarization effect (the conductivity drop below the plateau region at low frequency) is due to use of an ion-blocking electrode, as observed in Fig. 2a of the manuscript. This result is further evidence of the ionic nature of conduction in our nanoscaffold SDC-STO films.
Supplementary Note 3:
Comparison of dc conductivity measured by dc and ac techniques. To check for possible electronic contribution to the ac conductivity measurements of the samples, we have measured dc conductivity using a dc technique, which is similar to the method carried out by García-Barriocanal et al. 1 . The measurements have 14 been done by applying a short pulse of a constant voltage using a computer-controlled Keithley 2440 source-meter. To better compare the dc conductivity results obtained by ac and dc techniques, the same electrode configuration was used in both measurements. As described in the manuscript, high-quality 150 nm-thick Pt top electrodes 4,5 deposited by dc magnetron sputtering were used as "oxygen ion blocking electrodes". Temperature-dependent measurements were performed at a probe station equipped with a hot plate from 20 to 550 °C.
As can be seen clearly in Supplementary Fig. 5 [dc] indicates that the electronic contribution to the ac measurements can be considered to be negligible, and thus, the measured ac transport definitely originates from the conduction of oxygen ions.
